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INTxtOi^UCTIOii. 



The open-air thermionic or trl-electrode radio detecter consists 
of a grid iwhlch Is Interposed In a gaseous medluniias air, between 
a plate P and an Incandescent filament F. V.1ien these three elec- 
trodes are connected in the circuit shoim in rig.l,a current 
flows from the plate to the filament through the gas between the 
plate and filament* The magnitude of this "plate'' current, and 
consequently the power supply from the plate battery E>^,ls con- 
trolled by the potential of the grid relative to the filament. 

The relations are such that a small power supply to the grid 
circuit is sufficient to control a large power delivery from the 
plate battery. The detecter is thus an amplifyirg device. 

The fundamental difference between the open-air thermionic 
detecter and the Trell known "audlon" or vacuum tube thermionic 
detecter is that in the former the three electrodes are mounted 

in the air, and in the latter they are mounted in an evacuated 
glass bulb or tube. 

The history of the origin of the open-air thermionic detecter 
is of interest. In the early development of the Nernst Lamp, one 

of the troublesome difficulties to be overcome was the damage to 
the automatic heating device resulting from a small thermionic 
current which passed (leaked) throu*.rh the air from the incandes- 
cent glower to the adjacent surface of the heating device. This 
experience Trith thermionic currents through the air led Edward 
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Bennett,one of th° engineers Instrument el in overcoming this 
particular difficulty In the development of the Kemst Lamp, to 
suspect that It might be possible to develop tri-electrode ther- 
mionic amplifiers and oscillators with the electrodes mounted, 
-not in a vacuum,- but in the open air. 

The Inventor was able to confirm this notion during the sum- 
mer of 1917 by constructing a trl-electrode oscillator having a 
Nernst glower as the incandescent filament. This oscillator 
gave sustained oscillations of audio frequencies. 

During the fall of the srme yepr, sustained oscillations of 
radio frequencies were obtained. The device wrs also usea as e 
detecter to detect the presence of sustained rsdio frequencies 
by the heterodyne or hevX principle, end in receiving time sig- 
nsls from Arlington, Va. , althouj^h in the time si^mal tests, the 
detecter save, not the desirable "flute" note, but a "mush" note 
similar to the note obtained from an eudlon which is improperly 
adjusted. 

The experimental investigations of the open-air tri-?lectrode 

device have pertained mainly to its possibilities as a generator 
of sustf^ined oscillations. The purpose of this thesis is to con- 
tinue the experimental work on the open-air device with the ob- 
ject of determining the conditions and adjustments necessary zo 
the best performance as e detecter. This work involves the tak- 
ing of some additional data for other characteristic curves, tak- 
ing oscilligrams , determining the circuit constmts, and receiving 
signals from distant stations. A study of the characteristic 
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curves must be made in order to determine the conditions under 
^ich the best results are to be expected. 

On account of tlie great similarity betT^een the theory of the 
audion and the open-air detecter, a thorough understanding of 
the audion is necessary in order to make an intelligent study of 
the open-air detecter. For this reason, considerable matter on 
the theory of the audion is introduced at the beginning , together 

^th some characteristic curves of an audion plotted from data 
Laken in the laboratory. This is done in order that the open-air 
aetecter mi.y be compared rith the audion, and the differences • 
made clear. 

The experimentr. i work wrs done by the writer and t'r. H.H.Jones 
under the direction of Professor idward Dennett. 
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CHAPTER I. 



THE VACUUM BULB. 



The three-element vacuum bulb is by far the most important device 
for the reception of radio signals. It surpasses all other de- 
tecters, and has so many advantages that is is coming into almost 
universal use. 

An intelligent study of the vacuum bulb cpn best be made by 

making a study of the electric circuits involved, and the factors 
that effect these circuits. 

In studying and analyzing an electric circuit, it is necessary 
to consider the carriers of electricity. There ere two principal 
carriers of electricity, viz., the ion and the electron. An 
electron is the smallest carrier of electricity, and is usually 
considered as the ne^^ttive charge itself. The electron is smeller 
than the atom, in fact, atoms are composed of electrons. Ions 

are made up of one or more atoms, nnd are usually formed by dis- 
sociating the atoiis of a molecule. Uolecules can be dissocieted 
into iona, ions into atoms, and an atom mey have one or more 
electrons dissociated from it. An atom is neutral, that is, it 
has neither a positive or hegative* charge, /in electron has (or is) 
a negative charge, 'uhen an atom loses one or more electrons, it 
becomes positive. 

In ordinary electrical Yrork, the electrical circuit is made up 
wholly of some conducting substance , the met6ils bein^ trie most 
common, but often co.itaininr soiae non-metel such es carbon. In 
radio circuits we often have to deal with circuits, some pert of 
which is gaseous media, or e\'en a vacuum. In sach circuits, the 
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problem of conduction is more complicated than in the metallic 
circuit. Sut the problem is attacked in about the same way, 
that is, we wish to study the relation between e.L..f. and cur- 
rent, the impedance of the circuit, and the conditions under 
variation of temperature , etc. In order to do this, it is neces- 
sary to consider the various wpys by which electricit;; is con- 
ducted. In circuits containing a gaseous medi^om, there are three 
ways of conducting electricity, (1) conduction by the passage of 
electrons from the cathode to anode, (2) conduction by th pas- 
sage of positive ions from enode to cathode, (3) and a combin- 
ation of the two b^'^ a flow of both ions and electrons. 

In a vacuum, there is only one method of conduction, ana that 
by means of pure electron flow. In practice, it is impossible lo 
obtain a perfect vacuum, but it can be so closely approached, that 
conduction occurs by means of pure electron flow. 

In our work, the pure electron flow is the most important. In 
the vacuum bulb, conduction takes place wholly by pure electron 
flow, and in the open-air detecter, pure electron flow is of most 
importance, but there must be some ionization by collision, as 
there always is when a fjas is present in apprecieble quantity. 

This chapter deals with the vacuum bulb, hence it is necessary 
to consider only oxie form of conduction, viz., conduction by pure 
electron flow. 

The vacuum bulb as used in modern radio telegraphy and tel- 
ephony, consists of a highly evacuated bulb, usually about the 
size of a small incandescent leinp. The quantity of air that the 
bulL contains is so small that conduction takes place by means of 
pure electx^on flow only, ihe balb co::ti:ins Lhree elefuents ,tiie 
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filament .plate and grid. The general appearance of the bulb Is 
similar to that of an incandescent lamp, although the glass bulb 
if often of slightly different shape. The method ol manufacture 
is about the same as that of an incandescent lamp. The method 
of sealing, making the stem, and sealing the leading- in wires, is 
almos:t identical with that of an incandescent lamp. The filsiaent 
is made of tunj^sten of about the same quality as lamp filament. 

Tl.e plate is usually made of metal, although graphite or other 
non-metal is sometines used. In the best known types of bulbs, 
the plate is of nickel plated metal. It sometimes consists of 
two metal plates connected together, one on each side of the 
filament, and about 1" x g** in the comon sized bulb, but varying 
with the size of the bulb. In some types of bulba, the plate ic 
in the form of a cylinder surrounding the filament. 

The third element, the grid, usually consists of a rectangular 

section of meshed wire, although in some bulbs it is merely a 
wire bent into the form of a helix. The grid is placed betwe-' n 

the plate and filament. With this arran^^enent , the bulb has 
four terminals, the two filament terminals, the plate terminal 
and th^ grid terminal. In operating the bulb, it is necessary 
to have the filament hot, because only a hot oody csn emit elect- 
rons under ordinary conditions. The filament is made incandescent 
by passini^ an electric current through it. The current used to 
keep the filament hot. Las nothing further to do with the action 

of the bulb or the circuit connected witi it, and mi-ht be dis- 
p<=^nsed ^ith if there were some other means of keeping the filament 
hot. 
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In order to explain the action of the bulb, only filament and 
plate will be considered first. The bulb may be considered to 
consist of only two elements, the filament and plate, or what is 
the same thing, the grid may be neglected and its terminal left 
free end not connected in any wa^' to the circuit, and the action 
of the bulb studied when the grid is inactive. Jig. 2 shows the 
set-up for obtaining the plate -filament characteristic. Here Is 
a complete metallic circuit with the exception of the gap between 
plate and filament . If the 
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filament is cold, no current 
will flow unless enough vol- 
tage is applied to cause a 
spark to jump across the grp, 
and this will require several 
thousand volts. In a metallic 
circuit, current flows accord- 
ing to Ohm's Law, and t::e elec- ^• 
trons are much freer than in any other circuit. It takes compar- 
ative little e.ai.f. to move the electrons, i.e., the metal offers 
an easy path for the electrons, and we sey that the resistance is 
low. But if there is a rupture in the circuit, no current flows 
because the electrons are held at the end of the mett.l circuit, 
and are not set free. If they were set free from the metallic 
part of the circuit, they would immediately cross the gap and 
continue circulating around the circuit. The potential between 
the plate and filament is equal to the e.ni.f. of the battery 3, 
and if electrons were set free at the filament, the electric 
field due to tiie potential betxreen plate pnd filament rill fur- 
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nish a force that irill carry the electrons across t: e gap and 
current will flow in the circuit. If some condition is intro- 
duced which will free these electrons at the cathode , i.e. , the 
filament, the electrons will cross the gap and current will flow 
in the circuit. It has been found that electrons arc set free 

from a surface which has been heated, the number set free being 
a function of the temperature. The filament of the audion is 
heated by sending a current through it. The battery A furnishes 
this current. 

Having a circuit as shown in jrig.2, it is desired to know the 
characteristics of the circuit , i.e., how the current depends up- 
on the voltage bet7/een plate end filament. This cheracteristic 
is obtained by taking readings of the ammeter Ap and the volt- 
meter Vp as the voltage of the battery 3 is varied, and plotting 
the result as shown in ?ic?.3, 
which shows the shaiDe of the -v- 

characteristic curve for this v. 

:> 

cir.iuit. It is seen that Olim's ^ 

4^ 

Law does not hdld for this cir- ^ 
cuit, for the graph of Ohm»s 
Law is a straight line. As the 
voltage increases , the current increases nearly as the s/s power 
of the voltage until a point "a" is reached, where the rate of 
current increase begins to decrease, finally a point is reached 
where the charact'^ristic becoines a horizontal line, there being 
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no increase in current for increases in voltage. This may seem 
rather strange, but according to present accepted theory, a cer- 
tain filament temperature liberates a certain number of electrons, 
and the flow of this majcimum number of electrons represents the 
maximum current thet c^n flow for that definite temperature, 
Eence,no matter how great the plate potential may be, no more 
electrons can flow across the gap than are liberated at the fil- 
ament. The temperature of the filament is proportional to the 
square of the current, and it is convenient to plot current again- 
st voltage. If more plate current is wanted than is represented 
by the horizontal part of the curve, the filament temperature 
must te increased, and^this is done by increasing the filament 
current, ^len the filament current is increased, the point "a" 
at the upper bend of the curve will be higher, and r-. presents more 
plate current. 

This result gives rise to a desire for another characteristic 
curve, one showing the relation between the filament current and 
plate current for a constant value of plate voltage. This is 
easily obtained by taking readings of plate current and filaoient 
current as the filament current is varied end the plate voltege 
held constant, and plotting the result as shovm in iig.4. The 
shape of this characteristic 
is about the same as the pre- 
ceedi^ig one. Ee re, also, a point 
is reached where further increase 
in filament current causes no 
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increase in plate current. It would seem at first thoaght t.:Bt 
there should be no llrait to the plate current as the f .lanent 
current is increased. There is no friction encountered by the 
electrons in tr.eir path between filament and plate, \7hen the 
plate voltage is kept constant ana the filament temperature in- 
creased, thus increasing the nijunber of electrons liberated per 
second, the plate current also increases up to e certain value, 
but remains constant for further increases of temperature. This 
phenomenonis caused by the space charge, which is a negative 
charge in the space between the filament and plate due to the 
negative charges of the cloud of electrons in that space. This 
negative space charge neutralizes the field due to the positive 
plate. Therefore, only a certain number of electrons can flow 
from the filament to the plate with a given plate voltage. If 
more than this number of electrons leave the plate, the electric 
intensity of field due to the space clirrge is greater than the 
electric intensity of field due to tie positive plate, the result 
being a reversed field, and enough electrons must return to the 
filament to make the electric intonsity of field due to the spE.ce 
charge less than the electric intensity of lield due to tne 
positive plate. A state of equlibrium exists .between ti.e space 
charge and the field due to the positive plate, which allows a 
definite number of electrons to flow per second. 

The action of the grid will now be considered. The relation 
between filaraent current, plate current, and plate voltage is now 
known, and it remains to bn pe n what the modifying effect of the 
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grid is. To make this determination, the same circuit is useu 
as before except that the grid circuit is completed, and grid, 
battery G, filament, connecting nires, anu the gap between 
grid and filament ma^ce a complete circuit. It is now to be 
seen what the effect of this grid circuit is on the plate cir- 
cuit. By varying the volta^^e of the b&ttery 0, a var./ing pot- 
ential is produced between grid and filai.ient in the snme manner 
that there is a difference of potential between plate and fil- 
ament produced by the battery 3. iividently the introduction of 
this potential will modify the current in the plate circuit. To 
find out what this effect is, the plate voltage £.nd filament 
current are held const^mt, and as the grid voltsge is vsried, 
readings are taken of grid voltage and plate current. ;7hen the 
grid voltage is zero. 
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t- ere will be a certain 
value of of plate cur- 
rent. If the plate 
current is to be reduced 

to zero by the grid 
voltage, a nep;r:tive 
value of grid voltat-:e 
is required. The set- 
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up for taking the characteristic data is shoTm in Fig. 5. In Fig. 
6 is shown the characteristic curve thus obtained. It is the 

most useful of all the bulb chart Jteristics , and use is made of 
it in studying the action of txie bulb as r: detecter in wireless 
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tele^jraphy. 

In Curve Sheets 1,2, end 3 ere shewn some actual characteristics 
plotted from data taken by the irrlter from a test of s three- 
element vacuum bulb made by the Western Electric Company for the 
Signal Corps of the United States Army, These features bring out 
the action of the vacuum bulb 
very well. In sheet No 1 2* the 

plate voltage was not in- 
creased to a point "w^here the 
bend in the curve would 
occur if the plate voltage 
were carried higher. The 
dotted portion of the curve 
shows the probcble shape of ^ 
the characteristic beyond the range of the experimental data. 

The action of the vacuum bulb in a radio telegraph receiving 
circuit will now 




be shown. Fig .7 

shows the difi,vram 

of the simple 
Armstrong circuit 

using a vacuum 
bulb es a detecter. 
There are a Icirge 
nuTiber of circuits 
in use , but the 
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function of the balb in the SDie in i"!! 
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The incoming -wave trains set up oscillations in the aeriel 
Circuit, 'v?faich induces oscillations in the tuned oscillation cir- 
cuit CL, The variation in voltage across the condenser C due to 
the incoming oscillations is impressed upon the grid. Now, the 
grid may either contain a stopping condenser Cg or a battery Bg. 

If it contains a battery Bg, the grid is maintained at a cer- 
tain potential with respect to the negative filament, wiien there 
are no oscillations In the circuit CL. This voltage may be either 
negative or positive, and is adjusted so that the grid voltage 
is maintained at the upper bend in the curve as shown at "a" 

or the lower bend showi at "b", iig.6. vflaen working at either of 
these points on the curve, the reotfying effect of the bulb is 

made use of, \7hen working on the upper bend of the curve, shown 
at "a", the grid battery maintains the giic at a constant positi\^e 
potential Tvhen there are no incoming oscillations. But when 
oscillations occur, ^ 

the variable voitege o — ^\f^ OsciUaUcns. 

due to the oscillations 
is impressed on the 
grid, causing the grid 
voltage to oscillate 
about its normal val- 
ue. The voltage im- 
pressed upon the grid 
by the incoming oscil- 
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Plate Current 



Telephone Pulses. 



1 at ions is an alternating ^ 

one, and has equal var- 
iations in the positive and negative direction^^. But the curve 
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shows that when the grid voltage is varied by equal amounts in 

both positive and negative directions, the plate current does 

not vary in the same proportion as the grid voltage, but the 

pulses of current in the negative direction exceeds the pulses 

in the positive direction. This results in a pulsating plate 

current of spark frequency. The oscillations will also be repeat- 
ed into the plate circuit, but they are above the audible frequen- 
cy and will not be Jieard in the telephones. The action of the bulb 
under these conditions is shown in I'ig.g. ?Jhen operating at the 
point "b" on the lower part of the curve, the action is the same 
except thet the ^;late current pulses are in th^ opposite direction. 
In ?ig.8 is shown 

^ — ^ — ^ 
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the current and 
voltage curves for 
the bulb when 
operating at the 
lower bend of the 

curve. 

How suppose that 
a stopping condenser 
is used instead of 
the grid battery. 
Here the action is 
different , and the 
bulb should be oper- 
ated on the straight part of the characteristic curve as shown at 
point "c", Firj.6. V.T-ien there are no incoming oscillations, there 
will be a continuous flow of current from the plate to filament, or 
the electrons flow from filament to plate. The grid is interposed 
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bet-ween the plate and filament, and is connected to the stopping 
condenser. Then ytiien there are no oscillations in the circuit CL» 
the grid will be maintained at a definite potential .either posi- 
tive or negative depending upon the shape of the characteristic 
curve for any particular bulb. l!hen an incoming irave train sets 
the aerial circuit and the circuit (JL into oscillation, the grid 
potential oscillates about its norcial value, \ihen the grid be- 
comes positive with respect to its normal value, there will be an 
increase in the electrons flowing to it, and while on the negative 
half of the wave, there will be a slight reduction in the number 
of electrons flowing to it, but this reduction will be less than 
the increase due to 

ii 
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Oscf/faf/ons. 
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Plate Current 



the positive half of 
the wave. The result 

o 

is that there is a 
decrease in plate 
current for every 
wave train, and 
this decrease is a 
single pulse for 

each wave train. The ^ ]^^^^ "^^^^^y^ Telephone Puises 

high frequency o 
oscillations will be 
repeated into the 
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plate circuit, nut they are above audio frequency and will not be 

heard in the telephones. In Fig. 10 is shoim the fcction of the 
bulb when used with a stopping condenser. 
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CiiAFr£K II. 



THE OP£iI.AIR THERMlOiilO DET£CT£R. 



The open- air thermionlo detecter consists of three elements, the 

filament , plate end grid. The function of these elements Is 
exactly the seme as that of the three elements of the audi on bulb. 
Therefore , radio circuits using the open air detecter are similar 
to radio circuits using the audion as far es the circuit itself 
is concerned, but there is a grert difference in the currents, 
voltBges,etc. , used in the operation of these circuits. 

The filament used in the open-air detecter is a i:ernst gloTirer. 
The glower h^s e negative temperature coefficient, and is not a 

conductor of electricity ^rhen cold, but becomes a conductor Then 
heated. On account of its negative temperature coefficient, a 

ballast resistance must be used in series with it. In starting 
the glower, it must be heated before it begins to conduct, and 
the. current must be maintained constant at about 1^ amperes. 

The plete element consists of two plates connected together, 
thus giving a plete element of double the arec of v single plate. 
The pletes ere mrde of brr.SB, lined with e thin sheet of platinum 

which is neoessFry to withstand the intense heat of the glower. 

The dimensions of the plate are showi in Plate I. Each plate is 
5/8" X 3/4*' X l/l6»», ana l.t? m area of 15/32 so. in. , or a 
combined plate area of Is/lS so. in. 
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The grid consists of platinum wire, having a dia^ieter of 
.005 inch. This wire is wound on two arbors m^^de of aerman 
Silver, e?.oh arbor having? a diameter of ^ inch, end a rinding 
sppce I inch wide. In Plate I are sho^ t^^-o views of the three 
elements, and in Fig. 11, two views of tVie grid eve siio'^m. The 
lenrth of wire composing 
the grid can be varied by 
var:'ing the number of threads 
per inch on the arbors, or by 
winding the wire in only part 

of the grooves on the arbor 
surface. The grooves on the 
surface of the arbor sre for the 




purpose of holding; the grid wires in place, and are mede a depth 
equal to the diameter of the wire, so that the surface of the 
grid wire will be flus/i with the f?urface of the arbor. 

In Plate II is shown a sectional vie^r of the assembled de- 
tecter, rjid in Plate I, a top rnd siae vier ere shown. The 
plate s-nacin>:c, 03' tr-e d^istrnce between plate and grid is .sdjust- 
able, and mr»y be ?dju?3ted by mep.ns of the adjusting screws 

shown in Plate I; 

The electrical connections are made by means of terminals 
at the base, iv^c grid terminal connects to the metal post 
supporting the arbors on which the grid wire is wound, and the 

plate terminal conaects to the post supporting- the plates. The 
glower is supported by two upri^^^hL brsss posts containing slots 
for the lead-in wires. All pr-rts of the plate r^nd piste support 
are mounted on a marble base to ,:ive good insulation, wliich is 
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necessary on p.ccount of the high plate rolte^^.. 

In all of the experiaentrl rork, the glower current is m^in- 
tained et 1.2 amperes, as this is Vie highest current that can 
be used without causing disintegration of the glower. The plate 
is designed to withstand any voltage up to 1200 volts. 

In using the detecter in a radio circuit for receiving, a 
battery or a stop-ning condenser may be used in the p^rid circuit. 




Digitized by 



Google 



JATA SiLuiiT WO.l. 



Mounting No. 3. Plate spacing * 14 nm. 

PILAikliji^T Ji{ti£i^Ii' . ^RID QBID CJllrUi^T. PLATE PLAXil CUaRii^T 
Amperes VOLTS . Lllcroaniperes. VOLTS, illcro amperes. 



1.2 


-100 


-.76 


500 





1.2 


-60 


-.64 


500 





1.2 


-60 


-.58 


500 





1.2 


-40 


-.47 


500 





1.2 


-80 


-.40 


500 


4.2 


1.2 





-.33 


500 


18.0 


1.2 


£0 


-.22 


500 


45.0 


1.2 


40 


-.02 


500 


85.0 


1.2 


50 


.38 


500 


90.7 


1.2 


60 


1.4 


500 


114. 


1.2 


70 


3.6 


500 


141 


1.2 


80 


8.4 


500 


168 


1.8 


SO 


85.0 


500 


204 


1.2 


100 


87.0 


500 


251. 
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Digitized by 



Google 



DATA SHEET NO. 2. 



Mounting No, 3. Plate spacing » 14 m. 



JTILA^VI CUiUvEiVl. QKLD Q^UD CUIui;:;WT. PLATE PLATE C'JitREivT. 
Amperes. VOLTS, liloroamperes . VOLl S . Mloroamperes. 



1.8 


-100 


-.62 


700 


.3 


1.8 


-80 


-.56 


700 


.5 


1.8 


-60 


-.48 


700 


.8 


1.8 


-40 


-.40 


700 


o. 


1.3 


-20 


- . 


f UU 




1.2 





-.27 






1.2 




• • AO 


700 


100. 


i . ~ 


30 


-.16 


700 


189 


1.2 


40 


-.14 


700 


157 


1.2 


50 


-.15 


700 


197 


1.2 


60 





700 


828 


1.2 


70 


.24 


700 


262 


1.2 


80 


.32 


700 


309 


1.2 


90 


2.0 


700 


332 


1.2 


100 


3.0 


700 


374 


1.2 


110 


7.0 


700 


405 
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DATA SHEET. NO. 8. 



Mounting No, 3. Plate spacing » 14 mm. 



flLAdMI C'JiuiEiiT. GKID Q3.1D CUIu^NI. PLATE PLATE CUx^ivI. 
Amperes. VOLTS. Llicroamperes . VOLl S ♦ Microamperes. 



1.2 


-100 


-.62 


700 


.3 


1.2 


-80 


-.56 


700 


.5 


1.2 


-60 


-.48 


700 


.8 


1.2 


-40 


-.40 


700 


6. 


1.2 


-20 


— . 




23 


1.2 





-.27 


700 

f WW 




1.2 


20 


- .18 


f\j\j 


100. 


1 • <c 


30 


-.16 


700 


129 


1.2 


40 


-.14 


700 


157 


1.2 


50 


-.15 


700 


197 


1.2 


60 





700 


228 


1.2 


70 


.24 


700 


262 


1.2 


80 


.32 


700 


309 


1.2 


90 


2.0 


700 


332 


1.2 


100 


3.0 


700 


374 


1.2 


110 


7.0 


700 


405 
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DATA SiU^ NO. 3. 



1.2 
1.2 



Mounting No. 3. Plate specing s 14 aim. 

riLiiivLiiir OUiutiiilT. ^ QRID CUKciiNT . PLAIE PLATE CJPJtJ::i!:T . 

Amperes. VOLTS. Lli croamperes . VOLTS, lli cro amperes. 

1.2 -100 -.56 900 1.6 

1.2 -80 -.46 900 S.S 

-60 -.40 ^00 7.8 

-40 -.32 900 28. 

1.2 -20 -.43 900 63. 

1.2 .20 900 109. 

1.2 20 -.16 900 X81 

1.2 40 -.10 900 254 

1.2 60 -.02 900 324 

1.2 80 ^00 400 

1.2 90 .04 900 431 

1.2 100 . .26 900 462 

1.2 110 .80 900 505 
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Mounting No. 3. Plate Spacing » 14 mm. 

Amperes. VQLT3. Llicramperes. VOLIS. t,!ioroampere8. 

1.2 -100 -.88 300 

l.S -80 -.75 300 

1.2 - 60 -.60 300 ,2 

1.2 -40 -.54 300 .2 

1.2 -80 -.45 300 .2 

..40 300 2.3 

1.2 80 -.28 300 13. 

1.2 . 30 -.04 300 21. 

1.2 40 2.0 300 31. 

1.2 50 4.4 500 42. 

1.2 60 14.0 300 

1.2 70 27.0 500 63- . 
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DATA SixLhT NO. 5. 



Uountlng Ho. 3. Fla^e spacing • 14 mm. 



iiZALi£:ii: uuiuu:i:'r. griij qrii) cuiuuiiT. PLAiic^ plate cuxoiiiji. 

Amperes. VOLl'S. Microamperes. VOLiS. iilcroemperes. 



1.2 


-80 


-.98 


100 





1.2 


-60 


-.84 


100 





1.2 


-40 


-.70 


100 





1.2 


-20 


-.60 


100 





1.2 





-.44 


100 





1.2 


10 


-.38 


100 





1.2 


l5 


-.04 


100 





1.2 


20 


1.60 


100 


.4 


1.2 


25 


5.00 


100 


1.1 


1.2 


30 




100 


1.6 
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DATA SHEiCT NO. 6. 
Mounting No. 3. Plate spacing = 14 nun. 



i'lLAiliiifr CJiUuiAJI. (idiD GKIJ C Jiuti.m . PLATi; PLAx'L Co'.'UicIiM'i' . 
Amperes. VOLi'S. Microamperes. VOLi'S. Microamperes. 



1 9 
X.c 




-.80 


300 





l.S 


-60 


-.64 


300 





1.2 


-40 


-.58 


300 





1.2 


-20 


-.44 


300 





1.2 





-.35 


300 





1.2 


20 


-.16 


300 


6.3 


1.2 


25 


.16 


300 


10.5 


1.2 


30 


1.2 


300 


15.2 


1.2 


40 


6.0 


300 


28.0 


1.2 


50 




300 


53.5 


1.2 


60 




300 


70.0 


1.2 


80 




300 


93.0 
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DATA olLZSn: HO. 7. 



FILAliEIiT CUaKiillT. GRID GiUD CUixitii^T. PLATiS PLAIi; CJl^Ki^^T 
Amperes. VOLTS. I>Ilcro amperes . VOLTS . L'lcroamperes. 



1.2 


-80 


-.74 


500 





1.2 


-60 


- 60 


500 

www 





1.2 


-40 




500 




1.2 


on 


-.38 


500 


.4 


1.2 





-.30 


500 


1.8 


1.2 


20 


-.18 


500 


15.0 


1.2 


30 


-.12 


500 


30.0 


1.2 


35 


.04 


500 


40.0 


1.2 


40 


.50 


500 


52.0 


1.2 


50 


1.80 


500 


74.0 


1.2 


60 


5.40 


500 


105.0 


1.2 


70 


16.00 


500 


140.0 


1.2 


80 




500 


179.0 


1.2 


100 




500 


253.0 


1.2 


Ho 




500 


282.0 
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MIA SiI2£T NO. 8. 



llountlng lTo.3. Plate spacing - 14 nun. 



Amperes. 


VOLIS. 


lillcroamperes. 


VOLIS. 


llicro 


1.8 


-80 


-.60 


voo 





1.8 


-60 


- , ou 







1 p 


-40 


-.40 


700 





1 • c 


— 


-.38 


700 





1.8 





-.84 


700 


5.8 


1.8 


80 


-.16 


700 


86.8 


1.8 


40 


-.08 


700 


74.0 


1.8 


60 


1.00 


700 


145.0 


1.8 


80 


6.00 


700 


887.0 


1.8 


100 




700 


305.0 


1.8 


110 




700 


362.0 
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DATA SKEET wO.9. 



Mounting No. 3. Plate spacing = 14 m. 



JILaLISITI CUKRi;WT. QBIh Q'rdxj Goi<lk::iT. PLATE PLAli CUx\iiLi^i. 
Amperes. VOLTS, Microsmperes. VOLTS. Hicrosmperes . 



1.2 


-80 


-.60 


900 


2.38 


1.2 


-60 


-.46 


900 


3.82 


1.2 


-40 


-.34 


900 


6.20 


1.2 


-20 


-.30 


900 


9.50 


1.2 





-.20 


900 


15.70 


1.2 


20 


-.12 


900 


49.00 


1.2 


40 





900 


105.00 


1.2 


60 


.04 


900 


172.00 


1.2 


80 


.84 


900 


253.00 


1.2 


100 


3.60 


900 


346.00 


1.2 


110 


6.00 


900 


400.00 
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DATA SiiEET KO.IO. 



Mounting No. 8. aauze Grid. 

Amperes. VOLT 3. v.icroanper^'S . VOLIS. L:icroampere s . 



. 1.2 


-80 


-2.04 


300 





1.2 


-60 


-1.60 


300 





1.2 


-40 


-1.26 


300 





1.2 


-20 


- .98 


300 





1.2 





- .78 


300 





1.2 


20 


- .40 


300 





1.2 


25 


.04 


300 


.60 


1.2 


30 


.86 


300 


1.20 


1.2 


35 


2.30 


300 


2.50 


1.2 


40 


3.60 


300 


3.70 


1.2 


45 


9.20 


300 


6.50 


1.2 


60 




300 


22.00 


1.2 


80 




300 


40.00 
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DAxii SiickiT x-IO.ll, 



ilounting i:o.£. Gauze Grid. 



Amperes . VOLTS . Microamperes. VOLTS . Kicro amperes. 



1.2 


-80 


-2.00 


500 





1.2 




-1.50 


500 





1 P 

X • u> 






duu 





1 ^ 
i • w 


-20 


-1.06 


500 





1.2 





- .84 


500 





1.2 


20 


- .46 


SCO 


.7 


1.2 


25 


- .20 


500 


1.3 


1.2 


30 


.44 


500 


2.6 


1.2 


35 


1.20 


500 


3.8 


1.2 


40 


2.60 


500 


5.7 


1.2 


50 


12.00 


500 


18.0 


1.2 


60 




500 


35. 


1.2 


80 




500 


68.0 


1.2 


100 




500 


KDO.OO 
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DATA SKZET wO.12. 



Mounting No. 8. Gnuze Grid. 

Ampere fl. VCLT3. llicro amperes. VOLIS. Microamperes. 

1.2 -80 -l.es 700 

1.2 -60 -1.46 700 

1.2 -40 -l.SO 700 

1-2 -SO - .96 700 

1.2 - .76 700 

1.2 20 - A<. 700 1-2 

1.2 25 - .26 700 2.2 

1.2 30 .20 700 3.3 

1.2 35 .90 700 5.0 

1.2 40 2..0 700 7.0 

1.2 50 E. C 700 12-0 

1.2 60 15.0 700 32.0 

1.2 80 700 "^5.0 

1.2 100 700 115.0 

1.2 110 700 130.0 



Digitized by 



Google 



Digitized by 



Google 



Data. SixELT i^G.13. 



Mounting No. 2. Gauze Grid. 



riLAi^NT CUi«£NT GRID GRID CUl^i\'T . PLATE PLATj:: CURRENT. 
Amperes. VOLTS . Microamperes . VOLTS, r^lcropmperes . 



1 2 


-80 


-1 Q 


•7 VJVJ 


n 
\j 


1.2 


-60 




vUKJ 





1.2 


-40 


-1 84 


r uu 





1.2 


-20 


-1.0 







1.2 





- . cJU 


900 


1.0 


1.2 


20 


- .54 


900 


2.4 


1.2 


30 





900 


5.3 


1.2 


40 


1.4 


900 


8.5 


l.B 


50 


3.8 


900 


15.5 


1.2 


60 


10.0 


POO 


26.5 


1.2 


70 


24.0 


900 


53.0 


1.2 


90 




900 


97.0 


1.2 


110 




POO 


127.5 
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DATA Siii^^T 110.14. 
Counting 2^0.^. Grid 6 inm. Coarse. 



AEiperes. 


VOlix O • 


iii c r amp e r e s , 




Microamperes 


1.2 


-80 


-1.40 


300 





1.2 


-60 


-1.12 


300 





1.2 


-40 


- .52 


300 





1.2 


-20 


- .70 


300 





1.8 





- .52 


300 





1.8 


20 


- .16 


300 


.4 




CO 


on 


v>UU 


1.2 


1.2 


20 


• j\j 


300 


2.2 


1.2 


35 


1 fi4 


300 


3.6 


1.2 


40 


:5.40 


300 


5.3 


1.2 


50 


22.00 


300 


23.5 


1.2 


60 




300 


36.0 


1.2 


70 




300 


47.0 


1.2 


80 




300 


64.0 


1.2 


90 




300 


77.0 


1.2 


100 




300 


63.0 
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DATA Sii^^T 1J0.14. 

ilountlnt! l\o.Z. Grid 6 nim. Coarse . 

i'lLAtaJiiiT CUj.'u.vLJX . viiili) liiiii/ CUiu^.i . PLaiz. PLA*^ Gljj.-a.ii:.i'»i , 

j^tfiperes. V0L1S . microamperes. VQLIS. Aiicroamperes. 

1.2 -80 -1.40 300 

l.S -60 -1-12 300 

1.2 -40 - .52 300 

1.2 .20 - .70 300 

1.8 - .52 300 

1.2 20 - .16 300 .4 

1.2 ' 25 .20 300 1.2 

1.2 20 .90 300 2.2 

1-2 35 1.84 300 3.6 

1.2 40 :5.40 300 5-3 

1.2 50 22.00 300 23.5 

1.2 60 300 36.0 

1.2 70 300 47.0 

1.2 80 300 64.0 

1.2 90 300 77.0 

1.2 100 300 ^^"-0 
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DATA S1IE2T. NO. 15. 



Mounting No. 2. Grid 6 mm. Coarse. 



i'lLiUuLi^T CiJRdiliJT. QBID GLiLv GUdiiiafi . PLAii) PLA'ixJ 

Axpores. VOLTS, ili cro ampere s, VOL'iS. Zicrosraperes . 



1.2 


-80 


-1.56 


500 




w 


1.2 


-60 


-1.20 


500 





1.2 






500 

www 





1.2 


-20 


- .78 


500 


U 


1.2 





- .58 


500 





1.2 


20 


- .36 


500 


.9 


1.2 


25 


- ,10 


500 


2.8 


1.2 


30 


.40 


500 


3.8 


1.2 


35 


.96 


500 


5.4 


1.2 


40 


2.20 


500 


7.5' 


1.2 


50 


7.00 


500 


£0.0 


1.2 


60 




500 


38.0 


1.2 


80 




500 


73.0 


1.2 


100 




500 


115.0 


1.2 


110 




500 


113.0 
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Google 
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DATA SliEST NO. 16. 



l.£ 



100 



700 



liounting No. 3. Crrld 6 nm. Coprse. 

Amperes. VQL'j:3. Klcroanperes. VOLIS. Klcroaciperes , 

1.2 -80 -1.54 700 

1.2 .60 -1.24 700 

1.2 -40 -1.04 700 

1.2 _20 - .82 700 

1.3 - .64 700 
1.2 20 - .42 700 2.1 
1.2 30 .08 700 5.0 
1.2 35 .64 700 
1.2 40 1.56 700 9.8 
1.2 50 4.60 700 1^.5 
1.2 60 11.00 ?00 ^^-^ 
1.2 80 700 ^^''^ 



7.5 



78.0 



1.2 110 700 130.0 



Digitized by 



Digitized by 



Googl 



Mounting 


No. 2. 


Grid 6 aim. 


Coarse . 


Amperes. 


VOLTS. 


Gi\x J Cuiiuuliiil . JrLAii 
Mlcroemr^erftS. VOLTS. 


Micro em-oeres 


1.2 


-80 


-1.64 900 





1.8 


-60 


-1.34 900 





1.2 


-40 


-1.06 900 


2.0 


1.2 


-20 


- .48 900 


2.3 


1.2 





- .72 900 


4.3 


1.8 


20 


- .56 900 


7.6 


1.2 


30 


- .18 900 


10.0 


1.2 


35 


.20 900 


13.5 


1.2 


40 


.90. 900 


21.0 


1.2 


50 


3.10 900 


33.0 


1.2 


60 


10.00 900 


57.0 


1.2 


70 


900 


82.0 


1.2 


80 


900 




1.2 


100 


900 


137.0 


1.2 


110 


900 


149.0 
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DATA SH^T U0.18. 



Counting No. 3. 12 mm. Plate SpEcinr. 

Amperes. VOLT 3 . Zlcroaraperes. VOLT 3. illcro amperes. 

1.2 -80 -1.20 400 

1.2 -60 . .96 400 

1-2 -40 - .74 400 

1.2 _20 - .56 400 

1.2 - .40 400 

1.2 20 - .28 400 10.0 

1.2 ?0 - .22 400 21.0 

1.2 40 .04 400 40.0 

1-2 45 .70 400 52.0 

1.2 50 126.0 400 150.0 

1.2 60 400 215.0 

1.2 80 400 450.0 

1.2 100 400 500.0 

1.2 110 400 505.0 



Digitized by 



Google 
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Google 



DAI A SliLL'£ m.l9. 



Mounting lIo.S. 12 ram. Plate Spacing. 



ilLtiiiliix,"! CuiiivM'T. QUID QdlD Ou.<ixZi.i'. PLAIi: PLAX2 OJ.ttcLiCl. 
AmperQS. VOLTS . Hicroamperes. VOL J! 3. Llicroamperes. 



1.2 


-80 


-1.02 


600 





1.2 


-60 


- .76 


600 





1.2 


-49 


- .56 


600 


.5 


1 o 
1 .c 


-20 


- .40 


OUU 


.5 


i.2 





- .30 


600 


1.8 


1.2 


20 


- .22 


600 


16.0 


1.2 


40 


- .12 


600 


58.0 


1.2 


60 


.40 


600 


1£?.0 


1.2 


80 


9.60 


600 


250.0 


1.2 


100 


84.00 


600 


425.0 


1.2 


110 


120.00 


6C0 


510.0 


Grid 


end pl&te current jump off 


scple St 


65 grid 


volts 


,Rnd comes ^ 


beck n z'' in . 
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Googl 



DATA SilEEi' NO. 20. 
lilounting Mo. 3. 12 mm. plate spacing. 



Amperes. 


VOL IS. 


illcroamperes . 


VOLi S . 


Llicrosmp 


1 . c 


-OVJ 


-.94 


1— ^ 

800 


1.0 


1.2 


-60 


-.68 


800 


1 


1.2 


-40 


-.50 


800 


1.0 


1.2 


-20 


-.36 


800 


1 


1.2 





-.26 


800 ■ 


6.0 


1.2 


20 


-.20 


800 


27.0 


1.2 


40 


-.04 


800 


82.0 


1.2 


60 


.08 


800 


170.0 


1.2 


80 


.60 


800 


285.0 


1.2 


100 


6.00 


800 


400.0 


1.2 


110 


14.00 


600 


475.0 



Digitized by 
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Llounting No. 3. 12 mm. Plate Spacing. 

FILAIiSKT CUSEEIvT. GRID GitID Cu-OLOT. PLATE PLATii; G Jxiitix^'T , 

Aape rq 3 . VOLTS , y'ilcroeaipere s . V0LI3. Hlcrofmpereg . 

l.£ -80 -.92 1000 1.5 

1-2 -60 >.64 1000 i.5 

1.2 -40 -.46 1000 3.3 

1.2 -20 -.35 1000 3.0 

1.2 -.24 1000 12.5 

1.2 20 -.16 1000 43.0 

1.2 40 1000 105.0 

1.2 60 . 06 1000 215.0 

1.2 80 ,14 1000 325.0 

1.2 100 :50 1000 430 .0 

1.2 110 1.80 



500.0 
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DAI! A Sh^ilT iiO.ZZ. 



Mounting No. 3. 12 mm. Plate Spacing. 



Amperes. VU^13 . Llicroamperes. VQLIS. iJ,eroampere9. 



1.2 


-80 


-.88 


300 





1.2 


-60 


-.72 


300 





1.2 


-40 


-.46 


300 





1.2 


-20 


-.35 


300 





1.2 





-.22 


300 





1.2 


20 


-.15 


300 


4.5 


1.2 


30 


-.04 


300 


11.0 


1.2 


35 


.14 


300 


13.0 


1.2 


50 


.25 


300 


50.0 


1.2 


60 




300 


135.0 


1.2 


80 




300 


230.0 


1.2 


100 




300 


250.0 


1.2 


110 




300 


240.- 




arid and pltte 


currents 


jump st 36 


grid volt:- 
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DATA Siiii.uT NO. 23. 



Mounting Wo. 3. 12 m. Plate Spacing. 



Ampert^g. VOLXS . kicroamperes. VOLJS. tlioroamperes . 



1.2 


-80 


-.98 


200 





1.2 


-60 


-.74 


200 





1.2 


-40 


-.52 


200 





1.2 


-20 


-.36 


200 





1.2 





-.22 


200 





1.2 


20 


-.14 


200 


3.2 


1.2 


30 


Jumps. 


200 


10.0 


1.2 


40 




200 


43.0 


1.2 


oO 




LOO 


71.0 


1.2 


80 




200 


75.0 


i.2 


100 




£00 


52.0 


1.2 


110 




200 


39.0 



3rid end piste currents jump pt 27 grid volts. 
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DATA SiuCZT NO. £4. 



Mounting Ko.3. 12 mm. Plate Spacing. 



Amperes. 


VOLTS. 


Llicroamperes. 


VOIiS. 


L^icroemperes . 


1.2 


-80 


-1.0 


100 





l.S 


-30 


- .80 


100 





1.2 


-40 


- .58 


100 





1.2 


-20 


- .40 


100 





l.£ 





- .24 


100 







20 




1 on 


2.0 


1.2 


30 


48.0 


100 


9.2 


1.2 


40 


120.0 


100 


11.5 


1.2 


60 




100 


8.5 


1.2 


80 




100 


3.0 


1 ^ 


100 




100 


.8 


o 


110 




100 


.4 
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osciLLia:w 140.1. 



Plate Current 
Grid Current 
Plate Voltage 
Grid Voltage 
Grid Voltnf?<^ 



192 microamperes. 

45 " 
900 volts. 
80 " 
31 " 



Digitized by 



Digitized by 



Google 



OSGILLIGKiiii HO. 2. 

Plate Current D.G. 192 ciicroamperes , 

Grid Current D.C. r 135 " 

Plate Voltage D.C. GOO volts. 

Grid VoltBfje D.G. 80 " 

Grid Voltaoe A.G. 41 " 
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OSCILLiaiuii^ U0.3. 

Plate Current. 

l-ith grid circuit open 17 microaraperes. 

closed 44 " 

Grid Current. 

With grid circuit open -6.0 raicroajaperes . 

" " closed •4.£ " 

(Note that the last two quanties are ne£;ative.) 

Plate Voltage 700 volts. 

Grid Voltage D.C. 20 »• 

Grid Voltage A.C. 41. " 
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Plate Current. 

Grid circuit open 45 microamperes, 

" closed 33 " 

Grid Current. 

Grid circuit open 

Grid " closed 

Plate Voltage D.C. 400 volts 

Grid Voltage D.C. 42 

arid Volta^-e A.C. 42.5 " 

Stopping condenser in grid circuit. 
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Plate Current. 

TVith grid circuit open 55 microBmperes , 

" closed 68 " 

Grid Curretit . 

'.^ith izrid circuit open 

'* " closed 110 microsmperes 

Plate volt8;:e D,3.-- 400 volts. 

Grid Volta.^e D.C. 42.4." 

arid Volta^-e A.O. 42. " 



rio stopping condenser. 
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OSGILLIGrili-JLi 110.6. 



Piste Current. 

Grid circuit* open 125 

»» »« closed Wot taken. 

Grid Current. 

Grid circuit open 

" " closed 

Plate VolUi£e D.C.- 600 volts. 

Grid Voltat;e D.G. 53 »« 

Grid Voltage A.C. 5 



Stopping Condenser in Grid Circuit. 
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OSCILLiaiuJ. K0.7. 
Plate Current. 

:>rid circuit open 125 microBinperes< 

" " closed 150 " 

Grid Current. 

jrid circuit open q 

^* " closed 35 ralcroiJiiperes . 

Plate Voltage D.C. 600 volte. 

Grid VoltP.-e D.C- 53 " 

Grid Vol tare a.C. 42. " 

ITo stopping condenser. 
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CHAPT£H III. 



METHOD AN J RiiSULTS. 



In the introduction to this thesis, it was stated that the pur- 
pose -was to determine the conditions and adjustments n^essary 

for the best performence of the open-air device as a deteTjter. 

The experimentcl work consisted of taking data for chart- cter- 
istic curves, the taking; of oscilligrams as a check on the 
characteristic cuirves, and of endeavoring to receive from 
Arlington, Va. , with conditions which the ounces showed to be 

most favorable. It was hoped that the characteristic curves 

would show the best conditions • 

The most important part of the experimenta l work was the 

taking of data for the characteristic curves, as this offered 

the only method of attacking the problem in an intelligent 

manner. 'IThile the characteristic curves do not show what 

« 

conditions are most favorable, they do show some of the un- 



favorable conditions, and thus a greet deal of time i« saved 
in trying to receive under conditioiis whicl. cannot possibly 
give satisfactory results. Besides this benefit, it is only 
by means of the characteristic curves that the operation of 
the device can be determined. 

For taking the data for the characteristics, the set-up was 
made a.s shown in Plate III. ?or each run, aata were taken for 
two different characteristic curves, one with grid current 
plotted a^^einst grid voliFge, and the other with plate current 
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OHl|l|l(hrJ 



Set-up for Tc^Kincj D^fcn for Chc^racter 
i^tic Curves. 



PLATE III 
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plotted KLgainst grid voltage. 

In order to make the explanations better understood and to 

avoid repetition, these two characteristic curves -rill be named 
and Ixereafter referred lo by these names. The curve obteined 
by plotting grid current agidnst grid voltage will be called 
'•the 0-characteristic" , and the curve obtained by plotting plate 

current against grid voltage will be called "the ?-character- 
istic". 

The plate voltage wes supplied by a generator and the grid 
voltage and filament current were supplied by a stor&ge bettery. 
Sensative micro-erineters Trere used for measuring the plete and 
grid currents. The filament current was maintained at 1.2 
amperes throughout all of the experiments, both in tcMng data 
and receiving. 

After a set of curves had been plotted, if the conditions 
looked favorable, the device was connected in the radio circuit 
and Arlington tuned in. For receiving, the set-up was maae as 
shown in plate IV. A double throw switch was used so that 
Arlington coula be carefully tuned on the audion, and the fudion 
replaced by the open rir detecter by merely throwint^- the double- 
throw, three-pole switch. The feed-back Armstrong circuit was 
used for receiving. 

After a considerable number of cheracteristis curves had been 
plotted, the most favorable were selected, and oscilligrams 
taken for the sane conditions under which the characteristic 
curves were teken except that eji elte mating voltage wp.s impress- 




Digitized by 



Google 



A UDION 




L, 



OP CM AIR d€tecte:r 





^ J 
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1 













6 
-o 



> o 



5 



7?. Lp 



^5 



3 




G^OK^Mci Bus 



PLATE IV 
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ed upon the grid in addition zo Lh? direco voltage. 

Before discussing the results, an enumeration 77ill be maae 
of the conditions under vhich the work was done, and the results 
desired, together with the kind of characteristic curves it is 
desirable to have in order to ^et the best resulxs. 

There are in general two kinds of grid circuit used for 
receiving , 

1. A grid circuit contpinin^ r battery. 

2. A grid circuit containing a stopping condenser. 

Tnen a battery is used in the griu circuit, receiving is accom- 

plishea by means of the rectified plate current, and when a stop- 
ping condenser is used, the principal operation is the rectifi- 
cation of the grid current. IVhen r batterj" is used in the grid 

circuit, a study of the circuit is mede by means of the P charac- 
teristic, and the G chrrncteristic is of little consequence. 3ut 
in studying a grid circuit containing; a stopping condenser, both 
charecteristics are of importance. 

In this thesis, we are concerned with a grid circuit contain- 
ing a stopping condenser, and only this method will be considered. 

The theory underlying the action of the open air detect er is 
sirailar to the theory of t^ie audion, ana has already been out- 
lined, but there are many modifications that mast be considered, 
and the characteristic curves are quite different in a good many 
instances. However, the theory already explained for an audion 
usin/:; a stopping condenser , holds for the open-air detect er, but 
the effect of grid current has not teen explained. 

The incoming oscillations are syrjuetrlc.-^.l witr respect to the 
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zero axis, bat the po9iti\re naif of me wave train does not 
effect the ^^rid as much as the nefj&tive half. This is shown by 
the shape of the G-charact eristic sho^n in Fig. 12. Let the 
incoming oscillations vary the 
grid voltage between the pos- 



itive value OA and the negative 
value 03, both with respect to 
the normal grid voltage, or the 

volta.-e of th^ tjrid vl\9.n there 
are no incoming oscillations. 




D 

■;:hen the grid voltSc^e ch^Ji^es from to OA, the crid current 
chan^^es from to AC, and ^hen the grid voltage changes from to 
03, the grid current changes from to BD. Thus it is seen that 
the positive half of the wave train causes a much greater surge 
of grid current tnan does the negative half. But the time inter- 
val is the seme for botn t^e positive and negative parts of the 
^£ /e train, that is. OA • 03 in Jig. 12. Now, = iT» end when T is 
constant, the greater the value of I, the greater ^ill be the 
value of Q. It has been shown that the average current is great- 
er on the positive half of the wave trrin than on the negative 
half, hence the magnitude of the charge placed on the stopping 
condenser by the positive half of the wave trr.in is greater thrn 
the charge placed on the stopping condenser by the negaaive half. 
How, !^ • G£, and the larger the value of Q, the larger the value 
of E, ^Thich shows that the volta-e of the stopping condenser is 
raised to a higher value by the positive half of the wave train 
than by the negative half. 

The plate current is controlled by the grid voltai.;e, ana the 
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rectification of the grid current causes pulses in the plate 

current of spark frequency. 

The above explanation tells us fc.t once what kind of G-ohar- 

acteristic is desired. A large rectifying effect is wanted, and 
this is obtained where the bend in the cur\'e is most abrupt. The 
stopping condenser makes the normal grid voltage zero, hence it 
is necessrr; that the bend in the G-characteristic occur on the 
zero axis. 

In the discussion of the theory of the audion, it was shown 
that it is desirable to operate on the steep portion of the 
P-oharacteristic , and the same holds for the open-air detecter. 

Having determined the kind of characteristics it is aesirable 
to have for the best operation, and knowing that the operation 
depends upon the cheracteristics, it is eas^^^ to say what the 
condition ought to be for successful operation. In any circuit, 
and with constant incoming oscillations, there is a constant 
variation in the voltage impressed upon the grid circuit. Then if 
the conditions are such t:.at the G-characteristic has its great- 
est '^end on the zero axis, and the P-characteristic is steep at 
the value of grid voltage where the grid current is zero, we iiave 
desirable operating conditions. 

It is seldom that the conditions are such that the best parts 
of both characteristics can be utilized, and a compromise aust be 
made between the two. If a point c' n be found where the G-char- 
acteristic has considerable curvature, and the corresponding 
point o.i the ?-characteristic is fairly steep, results can be 
expected proportional to the respective curvature and steepness. 




Digitized by 



Google 



and for a set of curves taken under varying conditions, one must 
be chosen which seems to fulfill the conditions best. 

Oscillif^raras were taken as a check on the characteristics, 
and show about the srme thln.^3 that the characteristics show. 
Osciliigram Nos.l and 2 were taken with connections as shown in 
Fijj.13. The synchronous 



switch was placed in the 
plate circuit so that the 
plate circuit closed when 
the grid voltage was on 
the zero point of the wave. 

OscilliKrams i\fos.3,4,5, 
6, and 7, were tr.ken with the 
s;>Tichronous switch in the 
grid circuit so that the 
grid circuit closed when the 



To ascif/f 



(|) 



n 



grid voltage was on the zero point of the wave. The set up was as 



sliown in Fig. 14. 

Remembering the conditions that must be fulfilled for satis- 
factory operation, the characteristic curves will now be discuss- 
ed. 

In Curve 3hsets 4 and 5 are shown characteristic curves for a 
plate spacing of 14 millimeters, but with only half as many grid 
wires as the arbors will accommodate, that is, the grid wire 
wes wounc in every alternate groove. Only two of the curves c? n 
be considered, as the rest are far removed from the conditions 
necessary for successful operation. For 300 plate volts, the 
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bend in the G-characterlstic is on the zero axis, and the Cr- 
characteristic is very favorable. But the P-characteristic is 
not very steep at this point. However, the P-characteristic has 
consideraule slope, and the set of curves looks fairly favor- 
able. The 500-volt curves are also fairly favorable , but not as 

favorable as the 300-volt curves. 

Curve Sheets 6 and 7 
show curves that are not 
at til satisfactory and 
will not be considered, 
further than to show why 
they are unsatisfactory. 
The P-characteristic is 
favorable, but the Tr- 
characteristic is very 
unfavorable. At points ^ff-^"^^ 

where the P-characterisLic is steep, the bend in the a-ciiaracter 
istic is not on the zero axis. 

Curve Sheets 8 aiid 9 are more unsatisfactory thaxi the preceed- 
in^ ones, and for the sane reasons. 

Curve Sheets 10 and 11 show curves thai are not very stable. 
The 1200-VQlt curves would be satisfactory if it were not for 
the fact that t/ie plate robs the grid of its current. 

In Cur'/e Sheets 12 and 13, are sho^Ti curves that ax-e unstable 
There are points where the current^ in both plate and grid jump 
to* high values for' small chon;^es in grid voltage. The only 

favorf^ble curves here f/re the oOC-volt curves, the "r-character- 
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istic being satisfactory, but the plate current only moderetely 
steep. 

Oscilligrems Nos. 2, 3, end 7 are the only ones thct show very 
much rectification of plate current. The result shown in IJos. 
2 and 3 is to be expected, as the conditions are the same as those 
giving the steepest characteristic curves. 

Osciiligram No. 7 shows the effect of using a stopping con- 
denser. There is considerable rectification of the plate current, 
but the magnitade of the current Is suiall. 

3<=iveral attempt? were mr dp to receive Arlington on the open- 
air detecter, most of which were unsuccessful. One great difficul- 
ty was static interference. On neerly every occasion static 
could be heard on the open air detecter, but not Arlin.'ton. 

;)n one occasion ,hoT:/f^ver , the results wer^^ very satisfactory 
aiid Arlin.'jton could be heard distinctly enough to be read. On 
this occasion, the conditions were es follows: 



The evening was very favorible, and there was ver^ little static 

interference. The circuit wes first tuned with the audion, and 

the sig'ials were very loud and distinct. 

Arlington could be read on the open air detecter with plate 

volta^^os varying from 300 to 1000, and could be herrd but not 

read nt voltc^^es bet^e^n 100 p-nd 300. reiov 100 volts , nothing 
could be hecijd. ^ ^ 



Plate spacing « 14 millimeters. 



Grid wires per c-ntimeter. = 9. 



Plate volLage ^ 100 to 1000 volts. 
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CONCLUSIONS. 



The 170 rk done on this thesis is only a small part of the 
work that ought to be done to determine whether the open- 
air detecter is a feasable device. No elaborate calculat- 
ions were entered into, and the effect of steppin^^ up the 
voltage of the incoming oscillations was tried out but 
once, and the possibilities here are not known. 

The fact that Arlington could be received distinctly 
enough to be read, and considering the small amount of 
work done, seems to indicate th^t the device possesses 
m«rit, and that it is possible to develop it into an 
efficient detecter. 
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APPx<OV.iL SriLiCT. 



APPHOY£D. 

The foregoing thesis is hereby approved as 
a creditable study of an engineering subject, carried 
out and presented in a manner sufficiently satisfactory 

10 warrant its acceptance as a prerequisite to the 
degree for which it has been submitted. It is to be 
understood that by this approval, the undersigned 
does not necessarily endorse or approve eny statement 
made, opinions expressed or conclusions drawn therein, 
but approves the thesis only for the purpose for 7vhich 
it is submitted. 
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